MRP1 (multidrug-resistance-related protein 1)/ABCC1 (ATPbinding cassette transporter C1) has been localized in cholesterolenriched lipid rafts, which suggests a role for these lipid rafts and/or cholesterol in MRP1 function. In the present study, we have shown for the first time that nearly complete oxidation of free cholesterol in the plasma membrane of BHK-MRP1 (MRP1-expressing baby hamster kidney) cells did not affect MRP1 localization in lipid rafts or its efflux function, using 5-carboxyfluorescein diacetate as a substrate. Inhibition of cholesterol biosynthesis, using lovastatin in combination with RO 48-8071, an inhibitor of oxidosqualene cyclase, resulted in a shift of MRP1 out of lipid raft fractions, but did not affect MRP1-mediated efflux in Neuro-2a (neuroblastoma) cells. Shortterm methyl-β-cyclodextrin treatment was equally effective in removing free cholesterol from Neuro-2a and BHK-MRP1 cells, but affected MRP1 function only in the latter. The kinetics of loss of both MRP1 efflux function and lipid raft association during long-term methyl-β-cyclodextrin treatment did not match the kinetics of free cholesterol removal in both cell lines. Moreover, MRP1 activity was measured in vesicles consisting of membranes isolated from BHK-MRP1 cells using the substrate cysteinyl leukotriene C 4 and was not changed when the free cholesterol level of these membranes was either decreased or increased. In conclusion, MRP1 activity is not correlated with the level of free cholesterol or with localization in cholesterol-dependent lipid rafts.
INTRODUCTION
One of the best characterized multidrug-resistance mechanisms is the energy-dependent drug efflux by proteins belonging to the ABC (ATP-binding cassette) transporter protein superfamily. MRP1 (multidrug-resistance-related protein 1) and P-glycoprotein are the most widely studied ABC transporters and are known to depend on their direct lipid environment for optimal functioning [1, 2] . Lavie et al. [3] first demonstrated the association of an ABC transporter with a membrane domain. They found that a substantial fraction of P-glycoprotein was located in Cav-1 (caveolin 1)-containing Triton X-100-based DRMs (detergent-resistant membranes) in P-glycoproteinoverexpressing cells. Later studies showed localization of both P-glycoprotein and MRP1 in non-caveolar DRMs. Both ABC transporters were more strongly enriched in Lubrol-based or Brijbased DRMs compared with Triton X-100-based DRMs [4, 5] .
Given their localization in DRMs, the function of ABC transporters may well be dependent on cholesterol, which is known to be enriched in DRMs. Modulation of P-glycoprotein function by cholesterol and involvement of DRMs in this process are widely studied [6] . For example, cholesterol depletion resulted in a shift of P-glycoprotein out of DRM fractions and P-glycoprotein-mediated drug transport was also affected [7] . In Caco-2 cell monolayers, cholesterol depletion significantly impaired the efflux activity of P-glycoprotein [8] . With regard to the modulation of the function of MRP1 by cholesterol, information is scarce. In one study, cholesterol was reported to modulate MRP1 function and this was related to the presence of MRP1 in DRMs [9] . It is important to rigorously establish whether cholesterol affects MRP1 function, as this could be the underlying mechanism for the appearance of MRP1 in lipid rafts and a potential target for manipulation of MRP1 activity in the context of tumour cell sensitization to cytostatics.
In the present study, we rigorously investigated the impact of cholesterol and the localization of MRP1 in cholesterol-dependent lipid rafts on efflux function of the ABC transporter in two cell lines. We used Neuro-2a (neuroblastoma) cells, which express endogenous murine MRP1/ABCC1 and BHK-MRP1 (MRP1-expressing baby hamster kidney) (fibroblast) cells, which highly express stable transfected human MRP1/ABCC1 [10] . In addition, we studied ABCC1 function in vesicles consisting of membranes isolated from cholesterol-modulated BHK-MRP1 cells. In view of potential drawbacks using detergent-based protocols for lipid raft isolation [11, 12] , we employed the detergent-free lipid raft isolation procedure developed by Macdonald and Pike [13] . Various strategies were employed to manipulate cellular cholesterol levels, including (i) short-and long-term MβCD (methyl-β-cyclodextrin) treatment, which physically removes cholesterol from the plasma membranes of cells, (ii) cholesterol oxidase treatment, which chemically converts cholesterol into cholestenon, and (iii) combined treatment with lovastatin, an inhibitor of 3-hydroxy-3-methylglutaryl-CoA reductase, and RO 48-8071, an inhibitor of oxidosqualene cyclase. ABCC1 activity did not correlate with the variable levels of cholesterol, either in intact cells or isolated membranes. Neither did ABCC1 activity correlate with the protein's variable extent of lipid raft localization resulting from cholesterol modulation. We conclude that ABCC1
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function is not dependent on cholesterol or cholesterol-dependent lipid raft localization, whereas the observed effect of (longterm) MβCD treatment in intact cells probably relates to reduced membrane integrity.
MATERIALS AND METHODS

Materials
MK571 was a gift from Professor A.W. 
Cell culture and incubation conditions
The murine neuroblastoma cell line Neuro-2a was purchased from the A.T.C.C. (Manassas, VA, U.S.A.). These cells were grown as adherent monolayer cultures in DMEM (Dulbecco's modified Eagle's medium) supplemented with 10 % FBS, 100 units/ml penicillin, 100 μg/ml streptomycin, 2 mM Lglutamine and 1 mM sodium pyruvate, under standard incubation conditions (humidified atmosphere, 5 % CO 2 , 37
• C). The BHK cell line stably expressing the human ABCC1 gene, named BHK-MRP1 [10] , was a gift from Dr Riordan (Mayo Clinic Arizona, S.C. Johnson Medical Research Center, Scottsdale, AZ, U.S.A.). These cells were grown as adherent monolayer cultures in DMEM/F12 nutrient mixture (1:1) supplemented with 10 % FBS, 100 units/ml penicillin, 100 μg/ml streptomycin and 2 mM L-glutamine, under standard incubation conditions (humidified atmosphere, 5 % CO 2 , 37
• C). The cells were kept under selective pressure by growing them in the presence of 100 μM methotrexate. In order to deplete cholesterol, cells were incubated in the presence of 10 mM MβCD for various times in serum-free medium. Alternatively, Neuro2a cells were incubated for 20 h in the presence of both 1 μM RO 48-8071, an inhibitor of oxidosqualene cyclase, and 1 μg/ml lovastatin, an inhibitor of 3-hydroxy-3-methylglutaryl-CoA reductase, in serum-free medium. As a control in this case, cells were grown in serum-free medium for 20 h with vehicle. In order to chemically convert cholesterol into cholestenon, cells were incubated in the presence of 1 unit/ml cholesterol oxidase for 1 h. For cell membrane preparations, cells were grown in roller bottles, harvested by trypsinization and then subjected to cholesterol oxidase or MβCD treatment for various times to deplete plasma membrane cholesterol. For cholesterol loading of the plasma membrane, MβCD filled with cholesterol (MβCD/cholesterol) was used for different incubation times in serum-free medium at 37
• C (10 mM concentration). To prepare MβCD/cholesterol, 100 mg of MβCD was dissolved in 2 ml of water, and 3 mg of cholesterol (solution in ethanol) was added slowly while stirring at 60-70
• C. This was dried and used later as described above. After treatment cells were centrifuged at 1600 g for 3 min, frozen in liquid nitrogen and stored at − 80
• C until membrane isolation. Control cells were treated similarly, but in the absence of cholesterol modulators, i.e. solvent-controlled when applicable.
Isolation of detergent-free lipid rafts
Detergent-free lipid rafts were isolated as described previously [13, 14] .
Immunoblot analysis
Protein from equal volumes of the gradient fractions was processed as described in [14] .
Cholesterol determination
To quantify free cholesterol, a lipid extraction [15] on cells or pooled detergent-free lipid fractions was performed after protein determination [16] . The cholesterol concentration was determined spectrophotometrically by a cholesterol oxidase/peroxidase assay [17] . The amount of cholesterol was expressed relative to the protein content.
Sphingolipid analysis by LC (liquid chromatography)-ESI (electrospray ionization)-MS/MS (tandem MS)
Sphingolipids were extracted and analysed by LC-ESI-MS/MS as described previously [14] . The amounts of individual sphingolipid species were added to obtain the total sphingolipid pool. Protein content of pooled OptiPrep gradient fractions was determined as described by Smith et al. [16] .
Detection of ABCC1-mediated efflux by flow cytometric analysis
Neuro-2a or BHK-MRP1 cells were plated to confluence in 25 cm 2 flasks 1 day before the experiment. ABCC1-mediated efflux of the substrate CFDA was performed by flow cytometric analysis as described [18] .
Measurement of cellular sensitivity to cytotoxic drugs (MTT assay)
Approximately 1000 cells/well were plated in microtitre plates. For depletion of cholesterol, cells were washed 24 h after plating with serum-free medium and incubated in the presence of 10 mM MβCD in serum-free medium for 1 h at 37
• C. Subsequently, cells were washed with serum-free medium and incubated for 48 h in serum-containing medium. Viable cells were determined 72 h after plating as described previously [14] .
Isolation of membrane vesicles from BHK-MRP1 cells
BHK-MRP1 cells were washed with HBSS, trypsinized, harvested and treated, then centrifuged at 1600 g for 3 min, frozen in liquid nitrogen and stored in − 80
• C. Pellets of ∼8×10 8 frozen cells were resuspended in hypotonic solution (5 mM sodium phosphate, pH 7.4, containing protease inhibitors and 1 mM EDTA) by stirring for 90 min on ice. After centrifugation at 30 000 rev./min for 45 min at 4
• C using a Beckman SW-41 rotor, cell material was resuspended in isotonic buffer (10 mM Tris/HCl, pH 7.4, and 250 mM sucrose, containing protease inhibitors and 1 mM EDTA) and homogenized using a Dounce tissue grinder. The material was carefully layered on top of a 38 % sucrose solution and centrifuged at 41 000 rev./min for 2 h at 4
• C using a Beckman SW-41 rotor. The membrane interface was collected and diluted in isotonic buffer and centrifuged again at 30 000 rev./min for 45 min at 4
• C using a Beckman SW-41 rotor. The membrane pellet was finally resuspended in isotonic buffer at a concentration of 5 mg/ml protein [16] , frozen in liquid nitrogen and stored at − 80
• C. 
Measurement of ABCC1-mediated ATPase and transport activities
Vanadate-sensitive ATPase activities were measured as described previously [19, 20] . Briefly, isolated membranes (8 μg/well) were incubated for 11 min in 50 μl of ATPase assay mixture (40 mM Mops/Tris, pH 7.0, containing 10 mM MgCl 2 , 50 mM KCl, 5 mM dithiothreitol, 0.1 mM EGTA, 4 mM sodium azide and 5 mM ATP). The reaction was stopped with 100 μl of Malachite Green mixture [21] [22] [23] [24] [25] , as modified in our laboratory (5.6 mM Malachite Green, 9.4 mM ammonium molybdate, 2 % citric acid, 4.6 % ethanol and 1.16 M HCl, final concentration). After 2 min, 100 μl of citric acid was added and incubated at 37
• C for 15-20 min. The absorbance values were measured using a spectrophotometer (Biotek uQuant) at a wavelength of 630 nm. For transport of LTC 4 into membrane vesicles, vesicles were incubated as described previously [26] (specific activity of 190 Ci/mmol) at a concentration of 0.8 nM.
The reaction was stopped with ice-cold washing buffer (10 mM Tris/HCl, pH 7.0, 180 mM sucrose and 20 mM KCl). The reaction mixture was rapidly filtered in glass fibre filterplates (Whatman GF/C short-drop), washed five times with 200 μl of ice-cold washing buffer and dried. Radioactivity was measured by liquidscintillation counting (Packard Topcount microplate scintillation counter). ATPase activity was expressed as pmol of P i /mg per min, and transport into membrane vesicles was expressed as pmol of LTC 4 /mg per min. For graphical representation, values were normalized to maximal activity under control conditions (=100 %).
Measurement of the inside-out vesicle content
Determination of the inside-out vesicle ratio was based on 5 -nucleotidase activity and performed as described previously [27] with the following changes: 25-50 μg of membrane vesicles was incubated for 30 min at 37
• C in 50 mM Tris/HCl, pH 7.4, 
RESULTS
Efficient depletion or uploading of cholesterol
First we established the efficacy of cholesterol modulation, using three different strategies. (i) MβCD was used to physically deplete cholesterol from cell membranes. (ii) Lovastatin, an inhibitor of 3-hydroxy-3-methylglutaryl-CoA reductase, plus RO 48-8071, an inhibitor of oxidosqualene cyclase, were used to inhibit the biosynthesis of cholesterol. (iii) Cholesterol oxidase was used to chemically convert cholesterol into cholestenon.
The results are summarized in Table 1 . In Neuro-2a cells, a 1 h treatment with 10 mM MβCD decreased the cholesterol level by 71.6 % in whole cells. In detergent-free lipid raft fractions from these cells, cholesterol was even more strongly depleted (87.0 %). In BHK-MRP1 cells, cholesterol depletion by MβCD was 64.1 %. The MβCD treatment slightly affected Neuro-2a cell viability, as determined by an MTT assay. Neuro-2a cell viability was 81.4 + − 18.6 % (n = 6) for MβCD-treated cells (1 h) compared with control cells.
Conditions for inhibition of cholesterol biosynthesis in Neuro2a cells were optimized in terms of concentrations and duration of incubation (results not shown). Cells incubated for 20 h in the presence of both 1 μg/ml lovastatin and 1 μM RO 48-8071 showed a 52.9 % decrease in the cholesterol level. Finally, when 1 unit/ml cholesterol oxidase was used for 1 h in Neuro-2a cells, the cholesterol content was reduced by 29.0 %. In BHK-MRP1 cells, the enzyme was much more efficient, reducing cholesterol by 96.3 %.
The cholesterol levels in cell membranes isolated from cholesterol-modulated BHK-MRP1 cells are summarized in Table 2 . Cholesterol oxidase treatment of intact BHK-MRP1 cells resulted in a maximal decrease in cholesterol level of ∼50 % in the isolated cell membranes. This was less efficient compared with previous experiments (Table 1) , possibly due to the use of large-scale cell cultures needed for the subsequent isolation of membranes. We also treated isolated membrane vesicles with cholesterol oxidase, but this resulted in degradation of ABCC1 (see Supplementary Figure S1 at http://www.BiochemJ.org/bj/437/bj4370483add.htm) and these preparations were therefore not suitable for analysis of ABCC1 function. ABCC1 was not degraded in membrane preparations obtained from cholesterol-modulated BHK-MRP1 cells, as compared with control membrane preparations (see Supplementary Figure S1 ).
Cholesterol depletion by MβCD treatment reduced cholesterol by ∼57 % in isolated membranes, whereas cholesterol uploading with MβCD/cholesterol increased the cholesterol level by ∼58 %. The cholesterol content of control membrane vesicles was 240 + − 30 nmol of cholesterol/mg of protein (n = 9).
Cholesterol does not affect efflux function of ABCC1
Having established the extent of cholesterol modulation with three different strategies, we next measured the effects on ABCC1-mediated CFDA efflux. Efflux activity was the same in cholesterol oxidase-treated and control cells, regarding both Neuro-2a ( Figure 1A ) and BHK-MRP1 ( Figure 1B ) cells. Also in lovastatin/RO 48-8071-treated Neuro-2a cells, efflux activity was similar to that of control ( Figure 1C ). MK571 was used as a positive control for inhibition of ABCC1-mediated efflux (Figure 1 ). With MβCD, differential effects on ABCC1-mediated efflux kinetics were observed in the two cell types. In Neuro2a cells, efflux activity was normal for up to 10 min of MβCD treatment, but was reduced after 30 min and maximally affected after 45 min treatment (Figure 2A) . In BHK-MRP1 cells, on the other hand, ABCC1-mediated efflux activity was already reduced after 10 min of MβCD treatment, and subsequently fluctuated around this level ( Figure 2B ). It was therefore important to measure in parallel the kinetics of cholesterol depletion in both cell types, which turned out to be very similar in Neuro-2a and BHK-MRP1 cells (see Supplementary Figure S2 at http://www.BiochemJ.org/bj/437/bj4370483add.htm). Cholesterol levels were equally decreased at 10 min in both cell types (see Supplementary Figure S2 ). Interestingly, upon longer MβCD treatment, both cell types became sensitive to MK571, as indicated by loss of ABCC1 substrate probably due to membrane leakage. This occurred between 45 and 60 min for Neuro-2a ( Figure 2C ) and between 15 and 30 min for BHK-MRP1 ( Figure 2D ) cells.
ABCC1 efflux function is not correlated with its localization in lipid rafts
We used a detergent-free method for the isolation of lipid rafts and first characterized the gradient fractions in terms of cholesterol and sphingolipid enrichment. For this purpose, fractions 1 and 2 were pooled, as well as 3 and 4, 5 and 6 and 7-9. Fractions 1 and 2 were most strongly enriched in both cholesterol and sphingolipids (see Supplementary Figure Figure 
Effects of MβCD treatment on detergent-free lipid raft localization of ABCC1 in Neuro-2a and BHK-MRP1 cells
Neuro-2a (A) or BHK-MRP1 (B) cells were untreated (0 min) or treated with 10 mM MβCD for various times (5, 30 or 60 min), and lipid raft association of ABCC1 was determined under these conditions. Results are mean + S.D. percentages of ABCC1 found in the gradient fractions, relative to total ABCC1 in the entire gradient (nine fractions) (n = 3). *P < 0.05, relative to control, as determined by Student's t test. The right-hand panels show representative blots from three experiments concerning ABCC1 distribution along the gradient. Gradient samples were applied to SDS/PAGE based on equal volume. Lipid raft fractions are indicated.
S3 at http://www.BiochemJ.org/bj/437/bj4370483add.htm), and, to a lesser extent, also fractions 3 and 4. This indicates that fractions 1 and 2, with the lowest buoyant density, optimally fulfil the criteria for lipid rafts. In accordance with the absence of an effect of cholesterol oxidation on ABCC1 efflux function, there was no effect on detergent-free lipid raft localization of the ABC transporter, as indicated by a similar gradient profile of ABCC1 compared with control Neuro-2a cells ( Figure 3A) . Cholesterol oxidase was much more effective in reducing cholesterol content in BHK-MRP1 cells than in Neuro-2a cells. Therefore we also rigorously tested lipid raft association of ABCC1 under cholesterol oxidase conditions in BHK-MRP1 cells and this turned out to be equal to control cells, as confirmed by quantification of the lipid raft-associated pools ( Figure 3B ).
On the other hand, lovastatin/RO 48-8071 treatment did result in a clear shift of ABCC1 out of detergent-free lipid raft fractions in Neuro-2a cells, as confirmed by quantification of the relative amount of ABCC1 in lipid raft fractions ( Figure 3C ). Upon MβCD treatment, detergent-free lipid raft association of ABCC1 was gradually reduced in Neuro-2a cells and this was significant after 60 min ( Figure 4A ). In BHK-MRP1 cells, ABCC1 showed a tendency to shift out of lipid raft gradient fractions only after 60 min of MβCD treatment, but this did not reach significance due to large variation ( Figure 4B ).
ABCC1 ATPase and transport activities are not correlated with cholesterol levels in isolated cell membranes
The absence of effects of cholesterol modulation on ABCC1 function could have been due to confounding factors in the complex background of the intact cell. To overcome the complexity of the cell system, plasma membrane vesicles were isolated from cholesterol-modulated BHK-MRP1 cells. To make sure that our procedures to modulate cholesterol in cells did not affect the inside-out ratio of ABCC1 in the isolated membrane vesicles, we measured this ratio. Under all conditions, the inside-out vesicle ratio was found to be invariable (see Supplementary Figure S4 at http://www.BiochemJ.org/bj/437/bj4370483add.htm). Moreover, ABCC1 integrity was not changed by our cholesterolmodulation procedures, as shown by Western blot analysis (see Supplementary Figure S1 ).
In this simplified system for ABCC1 function analysis, we measured ATPase activity of ABCC1 as well as transport of LTC 4 into membrane vesicles by ABCC1 ( Figure 5 ). The average vanadate-sensitive ATPase activity and transport of LTC 4 into isolated control plasma membranes were 34 + − 9 pmol and 74 + − 39 pmol of P i or LTC 4 /mg per min (n = 27) respectively. There were no significant differences between cholesterol-depleted (cholesterol oxidase-or MβCD-treated) or cholesterol-uploaded (MβCD/cholesterol-treated) membranes on the one hand and control membranes on the other ( Figure 5 and see Supplementary Table S1 at http://www. BiochemJ.org/bj/437/bj4370483add.htm). The average V max and K m values of the transport of LTC 4 into membrane vesicles were 661 + − 171 pmol/mg per min and 942 + − 220 nM respectively. These kinetic parameters of the LTC 4 transport did not show any statistical differences between cholesterol-modulated and control membranes (results not shown).
DISCUSSION
With regard to cholesterol-modulated ABC transporter activity, most studies have focused on P-glycoprotein. These studies have generated much information, but unfortunately no coherent picture of whether and how cholesterol affects P-glycoprotein function [6, 28] . With regard to the modulation of ABCC1 by cholesterol, very little information is available. One study shows that, when the cellular cholesterol level is lowered, ABCC1 function is reduced and, concomitantly, ABCC1 shifts out of lipid rafts in GLC4 multidrug-resistant lung cancer cells [9] . This conclusion was based on results obtained solely with MβCD treatment. In the present study, we obtained similar effects with MβCD treatment. However, we did not attribute these effects to cholesterol, in view of the results obtained with the additional procedures for cholesterol modulation, i.e. cholesterol oxidase and lovastatin plus RO 48-8071. ABCC1-mediated efflux was not affected in these two treatment protocols, whereas the cholesterol level was strongly decreased, especially in cholesterol oxidase-treated BHK-MRP1 cells. Moreover, with MβCD treatment, efflux was dissociated from the cholesterol level, since short-term treatment did affect efflux in BHK-MRP1, but not Neuro-2a, cells, whereas cholesterol levels were equally decreased in the two cell types. Long-term MβCD treatment in Neuro-2a cells decreased both cholesterol levels and ABCC1-mediated efflux. However, long-term MβCD treatment has been shown to result in side effects, such as removal of other lipids and potentially even proteins from membranes [8, 29] . Thus interpretation of such studies should be done with care. The data obtained with MK571 as an inhibitor of ABCC1 efflux show that, after short-term MβCD treatment, the residual cellassociated substrate is high, as expected. However, after longterm MβCD treatment, substrate is lost from MK571-treated cells, suggesting that MK571 becomes toxic in combination with MβCD. This would indicate that membranes gradually destabilize with MβCD treatment. It is noteworthy that the MβCD effect becomes apparent at shorter incubation times in BHK-MRP1 cells, as compared with Neuro-2a cells. This could be related to the fact that BHK-MRP1 cells were subjected to forced expression of human ABCC1, possibly resulting in less stable integration of ABCC1 in the plasma membrane. As a consequence, ABCC1 would become more prone to the destabilizing effects of MβCD. On the other hand, when the MβCD effect on Neuro-2a cells sets in, it is more pronounced compared with that in BHK-MRP1 cells.
The studies on intact cells were extended to isolated membrane vesicles to overcome potential confounding effects in the complex system of the intact cell. The modulation of cholesterol performed on the cells did not change the integrity and inside-out ratio of ABCC1 in the vesicles consisting of isolated membranes from these cells, allowing us to properly measure potential effects on ABCC1 function. Data on ABCC1 function in these vesicles with decreased cholesterol levels confirm the conclusion that ABCC1 function does not depend on cholesterol. In addition, uploading of cholesterol was ineffective with regard to the function of ABCC1. Moreover, this shows that our results are not specific for the ABCC1 substrate CFDA, since in this assay for ABCC1 function in vesicles from isolated membranes, a completely different substrate (LTC 4 ) was used.
Next we explored whether ABCC1-mediated efflux activity was related to localization of ABCC1 in cholesterol-stabilized lipid rafts. Comparison of results revealed that all four combinations of 'effect/no effect' on these two parameters occurred. (i) After cholesterol oxidase treatment, both ABCC1-mediated efflux and its localization in lipid rafts were unaffected. (ii) Upon longterm MβCD treatment, both efflux and lipid raft localization of ABCC1 were reduced. (iii) On the other hand, with shortterm MβCD treatment in BHK-MRP1 cells, efflux was affected, whereas raft localization was normal. (iv) The opposite occurred after lovastatin plus RO 48-8071 treatment, which resulted in a shift of ABCC1 out of lipid raft fractions without any effect on efflux activity. Given the fact that all possible combinations of 'effect/no effect' on these two parameters occurred, we can conclude that ABCC1-mediated efflux activity and its localization in cholesterol-stabilized lipid rafts were not correlated. In a recent study, we showed that ABCC1 efflux function was correlated with its localization in cortical actin-stabilized lipid rafts [18] . Therefore we should not only consider that ABCC1 (and other ABC transporters as well) may behave differently between various cell types in terms of (lipid raft) localization-function coupling. In addition, it may well be that, within a certain cell type, different types of lipid rafts exist which are sensitive to either cholesterol or cortical actin, whereas only the latter is relevant for ABCC1 function.
Taken together, we have thoroughly investigated the potential effects of cholesterol on ABCC1 function in two different cell lines and in vesicles from isolated membranes. Moreover, in order not to rely completely on MβCD treatment we used three different cholesterol-modulation procedures. On the basis of this comprehensive approach, we show for the first time that ABCC1 function cannot be categorically linked to cholesterol levels or cholesterol-stabilized lipid raft localization in two different cell lines. A previous study did show an effect on ABCC1 function and localization by lowering the level of cholesterol in yet another cell line [9] . Therefore studies in additional ABCC1-(over)expressing cell types have to be performed before a more general conclusion can be drawn. In any case, cholesterol is not essential for ABCC1 function and therefore does not seem to take part in the mechanism underlying functional association of ABCC1 with lipid rafts, as has been observed for cortical actin [18] .
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